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Effects of forest thinning on soil CO, emissions in a pine-oak mixed stand in the

Qinling Mountains based on the Yasso(7 model estimate
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Abstract: Natural forest-protection programs have been implemented to increase stand volume and forest ecosystem
diversity and to improve forest resources. However they have had some negative influences on forests such as high stand
density and poor growth and these can easily lead to insect outbreaks and fire disasters. Forest thinning can effectively
eliminate the negative influences caused by natural forest protection management. Forest thinning programs have been
conducted for several years and these approaches have led to reduced tree mortality and accelerated natural regeneration.
However it has been demonstrated that forest micro-climates influence soil CO, emissions. This study investigated the
effects of forest thinning on soil CO, emissions using the Yasso07 model to simulate a pine-oak mixed forest in the Huoditang
forest zone area of the Qinling Mountains. The topography of the Qinling Mountains is complicated and fractured so it is
difficult to duplicate experimental plots in a randomized block design. Therefore the quadratic general rotary design was

applied and thinning and residue-removed intensity were the factors in the experiment. Thirteen experimental plots were
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selected including five control levels and nine treatment plots. Five litter-fall collection frames (1 m X 1 m) were laid in
each experimental plot. The litter fall was collected each month from September 2012 to September 2014. The ethanol-
soluble water-soluble acid-soluble and non-soluble compound contents in the leaf litter fall were determined. Although
the technology to measure soil CO, emissions has continually improved the soil spatial heterogeneity and strong soil carbon
stability in undisturbed habitats has led to inaccuracies in the evaluation methods used in forest soil carbon dynamics
research. Yasso07 is a soil-earbon decomposition model and is based on the assumption that there are four types of litter
transformation. Yasso07 has been widely used in Europe and the United States because it can be operated easily; requires
few parameters which are easy to obtain; and the simulated results are reliable. However there was no basis to determine
if it could be applied in the Qinling Mountains. Therefore this study validated the reliability of the Yasso07 model in this
region. The soil CO, emission traits under different thinning and residueremoved intensities were analyzed based on
simulations by the model. The following results were obtained: ( 1) there was a significant difference between the conifer
and broadleaf litter chemical compositions. The ethanol and water soluble compound contents were significantly higher in the
conifer tree litter than in the broadleaf tree litter and the non-soluble compound content was significantly lower in conifer
litter than in broadleaf litter. ( 2) The chemical composition of the litter fall significantly affected soil CO,emissions and
(3) thinning intensity was the key factor affecting CO, emissions. Soil CO, emissions increased after forest thinning and
when the thinning and residue—removed intensities were 12.38% and 53.18% respectively the soil CO, emission fell to a

minimum of —15.318 Mg hm™ a™".

Key Words: forest thinning; Soil CO, emission; Yasso07 soil carbon model; Pine-oak mixed forest; the Qinling Mountains
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1
(33°26"N 108°27°E)
o 1500—1700 m 30° 900—1200 mm
800—950 mm 77.1% 1 -3.8C 7 16.3°C 9C .
60 cm N
2—6 cmo 42 a
( Pinus tabulaefomis) ( Pinus armandi) ( Quercus aliena var. acutesrrata) o
2
2.1
2526
(%) (%) -
(%) = x 100%
{ YGB/T( 15781—2009) 2(2010) 25% o
( )
(%) = x 100%
DPS v14.50 ( ) -vy(-1.414) -1 0 1
v(1.414) 5 ( 19 ( 2)o
X — X
LX)
AX,
X; X, X Ax 7,
1
Table 1 Levels of factors of experimental design
1% Levels
Variables (-a) -1.414 -1 0 1 (+a) +1.414
X, 5 7.93 15 22.07 25
X, 0 14.64 50 85.36 100
( 2o
2.2
2012 8 N N N
13 9
20 mx20 m N N N
N ( 3). 2012 8 ( 4,
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2 DPS ( Data Processing System) v14.50
Table 2 Layout of the experiment
Variable code Variable code
Plot No. Treatment %, %, Plot No. Treatment %, %,
1 I 1 1 2 Il 1 -1
3 I -1 1 4 Y -1 -1
5 Vv -y 0 6 Vi Y 0
7 VI 0 -y 8 VI 0 v
9 X 0 0 10 X 0 0
11 IX 0 12 IX 0 0
13 X 0
X HES
3
Table 3 General information of plots
PlaNo.  Gudintf(7) densty blorsdomty aer compuaton_ compoiton Sl Nea i
thinning/%  thinning/%  before thinning after thinning thickness/cm of liiers/.
(kgm™a™)
1 35 75 72 7 2 1 7 2 1 30 0.275
2 30 80 73 5 2 2 4 3 2 1 45 0.236
3 30 80 72 7 2 1 g8 1 1 40 0.315
4 30 80 73 6 2 2 7 2 1 50 0.341
5 25 85 81 4 3 3 4 3 3 46 0.279
6 30 80 70 7 2 1 8 1 1 35 0.296
7 30 75 73 7 2 1 6 3 1 40 0.248
8 30 90 81 5 2 2 6 1 2 1 44 0.266
9 25 90 84 7 2 1 7 2 1 33 0.307
10 30 80 72 8 1 1 8 1 1 38 0.341
11 30 90 83 6 2 2 7 1 2 41 0.331
12 25 80 72 6 2 1 7 1 1 1 45 0.298
13 28 80 73 8 1 1 8 1 1 45 0.320
4
Table 4 Density of trees before and after thinning
/hm?
Density of each trees before thinning Density of each trees after thinning Trees per
Plot No. ) ) Density of Density of
P, tabidacformis P amandi & O e P tabulagormis P armandi 0 M hers rees before  trees afier
aeuteserrata acuteserrata thinning thinning
1 850 250 125 50 725 200 100 50 1775 1075
2 925 375 400 200 550 375 325 175 1900 1425
3 1250 375 125 50 1175 175 125 50 1800 1525
4 900 300 250 25 725 225 150 50 1475 1125
5 500 350 350 25 400 300 325 25 1275 1100
6 125 875 175 50 100 800 100 25 1225 1025
7 275 925 150 50 275 750 100 50 1400 1175
8 325 825 300 175 150 700 250 125 1625 1275
9 350 1275 175 50 300 1075 125 25 1850 1525
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/hm?
Density of each trees before thinning Density of each trees after thinning Trees per
Plot No. , , Density of  Density of
P. tabulacformis  P. armandi Q('lifzz’m”;“ others  P. tabulacformis P, armandi QM:EZ‘ZZJ;Z‘ others tr:mi)]erf;re t:::nef::
10 1225 175 150 75 1050 150 150 75 1625 1325
11 925 325 300 75 875 150 275 50 1625 1350
12 875 150 325 150 850 125 125 125 1500 1225
13 1375 150 150 50 1175 125 100 25 1725 1425
2.3
2012 8 13 5 1mxlm 2012 9 2014
9 ( ) 70C
s,
2.4
Yasso07 4 ( ESC) ; (WSC) ;
( ASC) ; (Nsc) 0
lg 70°C 0.149 mm CH,CI, 16—24 h
1 1 ESC ; 1 100 1h 2 1
2 WSC ; 2 T2% 30°C 1h 2.5%
120°C 1h 3 2 3 ASC ; 3 450C 8 h 4
( ) 3 4 ASC o
(%)
2.5 Yasso07
Yasso07 Yasso
w0,
o 4
N 4 N 2012 o Yasso07
2,
2.6
SPSS 17.0( SPSS Inc. USA) ( one-way ANOVA)
« N "
DPS 7.05 Co,
3
31
( ESC) ( WSC)
N ( ASC)
o ( N ) ( ESC) (WSC) (
) (NSC) ( 5o
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o ( . ) ( ESC)
( ASC) ; ( ) ( NSC)
( ASC) ( 9. N

29

5

Table 5 Chemical composition of litter leaf

Tree species ESC wsC ASC NSC
P. armandi 12.50+0.41Aa 15.31+0.65Ba 43.34+0.32Db 28.86+0.63Ch
P. tabulaeformis 12.23+0.55Aa 15.07+0.62Ba 41.78+0.49Da 30.92+1.08Cc
Q. Aliena var. acuteserrata 19.89+0.40Bb 25.22+0.42Cb 44.49+0.51Db 10.41+£0.19Aa
ESC: Ethanol soluble compound WSC: Water soluble compound ASC: Acid soluble compound NSC:
Non-soluble compound; ( P>0.05) ( P<0.05) ;
( P>0.05) ( P<0.05)
32 Co,
Yasso07 la(2013 ) . 200 —
2a(2014 ) co, : e
T 190
2014 CO, 2013 185
£
2014 Co, 2013 i s, 18:0
Lo ®Z 1715
Co 1) gl1esr
2 ( ) %4 gN 160
8 155 —
CO = 150 -
: Z 145 —
31-33
o 14.0 | 1 | | 1 | | 1 1 ]
I m v v vi v IX
3.3 A FE-E- Treatment number
Co,
2013 2014 Co, ! te 2 0.
Fig.1 Variation of CO, emission about a year to two years
4 . after thinning
Y = 1539.83 + 74.74x, - 38.45x, + 103.96x> + 139.27%> + 15.32x,x, (1)
Y CO, P, X,
. (6 F (F=0.2199)
; (F=82.195F,,) 0.0l
Co, .
(P>0.01) (6
Y = 1539.83 + 74.74x, — 38.45x, + 103.96x% + 139.27x (2)
(1)
Co, (3) Co,
F>1 o
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| e
Aj=5j +?ZSL] + Sjj
1
S=1-— 8§ S.. S o
Fo ij i
(1.98) > (1.95) Co,
6 N
Table 6 The regression coefficient standard error and variance analysis of regression simulate
Parameter Sum of square ¥ Mean square Partial correlations F F
Xy 44690.1594 1 44690.1594 0.9564 75.1283 0.0001
Xy 11825.1178 1 11825.1178 -0.86 19.8791 0.0029
x|2 75189.7436 1 75189.7436 0.9734 126.401 0.0001
xzz 134920.5307 1 134920.5307 0.9849 226.814 0.0001
X%y 939.116 1 939.116 0.429 1.5787 0.2492
Regression 244471.5053 5 48894.3 F,=82.19587 0.0001
Residue 4163.9577 7 594.8511
Lack of fit 589.6592 3 196.5531 F,;=0.21996 0.8796
Error 3574.2985 4 893.5746
Sum 248635.463 12
(x,) (x,)
x, e —1.414 -0.377 I
5.00%—12.38% CO,
1850 -
; x, e —0.377 1.414 oA
< 1800 -
12.38%—25.00% CO, g
I 3, B
R 1750
: x =-0.377 Es
S°% 1700 |-
12.38% Co, 15.264 Mg %-é
o
o « 1650 +
hm>a™'( 2). 'HS
x, e —1.414 -0.094 g 1600 1
0.00%—53.18% co, = 13¥0p
. 1500 | | | | | | |
' -15 -1.0 -05 0 0.5 10 15
x,e —0.094 1.414 A3 B ARHY Variable code
X1
53.18%—100.00% CoO,
; x, =0.094 2 co,
53.18% C02 Fig.2  Effects of thinning intensity on soil CO, emission in
15375 Mghm™> a™'( 3) . the forest
o,
-l4l4<X,<1.414 2 5 CO,
95%
o 12.38% 53.18% CO,

15.318 Mg hm™> a™'.
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